RCD effect on α 2 -AR in obese men during exercise 2
Introduction
At the current rate of escalation, obesity will soon be the leading cause of preventable death in United States. Obesity results in considerable 35 morbidity and mortality. Current research is focused on influences, on multiple factors that are thought to be the origin of obesity. The three most studied and commonly accepted categories are metabolic, genetic, and environmental factors. The structure and function of adipose tissue as it relates to its endocrine role is of particular interest to current research. Both is limited, an important finding has been the discovery of a stronger α 2-AR antilipolytic effect during exercise in men. The effect of environmental factors such as diet on metabolic factors, such as α 2-AR antilipolytic effect during exercise, has been studied in women. The current study was intended to extend prior research on the effect of diet on α 2-AR in the abdominal 60 adipose tissue of obese men, in whom it is known that antilipolytic effects tend to be greater than for obese women. Specifically, due to the significantly stronger α 2-AR antilipolytic effect in men, the gap in the science pertains to whether a period of caloric restriction can alter the expected increased antilipolytic effect of exercise in obese men. 65 
Methods
We employed a single-group, pre-test, post-test design for our study.
The intervention in this study was a 12-week reduced calorie diet (500 calories less than usual diet) followed by a 45 minute cycle ergometry. 70 Approximate duration of the study for each subject was 14-18 weeks.
Maximal exercise test was performed five days prior to the beginning of the diet phase of the study. Blood samples: Blood samples were taken on the second and fourth procedure days. Blood was drawn both before and after subjects rode the exercise bicycle, as well as at sequential 30 minute resting intervals.
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Lactate -was assessed in plasma and reported in mmol/L using an ABL 800 Radiometer (Radiometer America, Westlake, Ohio).
Glucose -plasma measurements were made using a glucose-oxidase technique on an ABL 800 Radiometer (Radiometer America, Westlake, Ohio) and reported in units of mg/dL. 
Diet:
Subjects were asked to initiate a diet after the first set of procedure days. The diet consisted of a daily reduction of 500 calories compared to what subjects typically consumed in a day for a period of 12 weeks. Subjects 170 were asked to complete a food diary for seven days prior to initiating the diet, as well as for each day during the diet.
Nutritionist visits -Subjects were asked to meet with a nutrition specialist about their target caloric intake. The nutrition specialist reviewed subjects' food diaries based on the results of their initial 7-day diet logs and 175 counseled them as to their target calorie intake. Subjects met for follow-up appointments each two weeks during the diet in order to ensure that they were aware of the extent to which they were meeting their caloric intake goals.
Sample Size Calculation:
180 Setting the alpha level at 0.05 a priori for a dependent samples t-test, we calculated that a sample size of 10 subjects would provide a 99% chance of detecting a 3% difference between pre and post measures of α 2-AR mRNA normalized to the cyclophilin mRNA level (μg of α 2-AR /μg of cyclophilin).
This assertion was based on the results of a similar empirical study of α 2-185 AR /cyclophilin mRNA among women before and after diet in which a 3% difference in means was detected 1 . To calculate effect size, we divided the A single-group repeated measures ANOVA was conducted to 205 examine responsiveness at different points in time. In order to identify significant changes in responsiveness from one exercise session to the next, paired T-tests were conducted on biopsy data at each of the four time points in the first exercise session and matched to its counterpart in the second session. P < 0.05 was considered statistically significant.
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Statement of Ethics
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research. Approval by the Wilford Hall Medical Center
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Institutional Review Board (IRB) and the Touro University International IRB were obtained prior to beginning the research.
Results
Participants lost an average of 4 lbs (SD = 2.4) after the 12-week 220 diet intervention. They began the study ranging from a minimum weight of 216 lbs to a maximum of 295 lbs; the BMI ranged from 33 to 40, and the average BMI was 35.6 (SD = 2.35) before starting the diet.
Bivariate Analyses.
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Although weight loss was not an outcome variable in our investigation, weight loss is indeed an indicator of the effect of the reduced-calorie diet intervention over the 12-week study period. A paired-samples ttest revealed that the post 12-week diet BMI of subjects was significantly lower than the pre 12-week diet BMI (t(5)= 4.08; P <0.05).
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The first alternative hypothesis, "a 12-week RCD significantly increases plasma non-esterfied fatty acids NEFA levels (and therefore lipolysis) in subcutaneous abdominal fat during exercise in obese men," was not supported. No significant differences were found between pre-235 intervention and post-intervention NEFA levels as measured at several points surrounding exercise (i.e. before exercise, after exercise, after 30 minutes of rest, and after 60 minutes of rest) ( Table 1) .
The results shown in Table 1 indicate that mean NEFA levels measured before the diet were not significantly different than those obtained The ratios of α 2-AR mRNA to cyclophilin for each subject are reported 260 in Table 2 . Note that the mean α 2-AR mRNA levels before the diet and after the diet are reported as ratios. The standard deviation for each test is also included. Each abdominal fat sample was assayed in triplicate as per standard procedure for RT-PCR. Table 3 shows the mean of those measures before the diet and then again after the diet.
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The third alternative hypothesis, "a 12-week RCD has a significant effect on β-AR or HSL mRNA levels," was not supported. As anticipated, β- Bonferroni adjustment did not differ significantly (adrenaline before and after the diet; noradrenaline after the diet; lactate before and after the diet, glucose before and after the diet, and insulin before and after the diet. 310 However, after Bonferroni adjustment, during the exercise-rest procedure, a RM ANOVA of before diet noradrenaline exercise-measures, revealed at least one set of sample times that were significantly different during the specified period. Similarly, at least one set of sample times for after diet NEFA exercise-measures and at least one set in each, before and after diet, 315 hematocrit measures, also indicated pairwise comparisons that were significantly different during the specified period.
After Bonferroni adjustment significance was reached for noradrenaline before the diet (before exercise as compared to after exercise 320 (P = 0.000), after exercise as compared to 30 minutes (P = 0.000), and 60 minutes exercise (P = 0.001), of rest) and hematocrit both before the diet (after exercise as compared to 30 minutes of rest (P = 0.035)) and after the diet (before exercise as compared to after exercise (P = 0.004)). Pairwise comparisons reached significance for NEFA both before the diet (i.e., after 325 exercise as compared to 30 minutes (P < 0.05) of rest) and after the diet (i.e., before exercise as compared to 30 minutes (P < 0.05) of rest). The pair of repeated measures represents the difference between the before the diet measurements obtained for noradrenaline after exercise and after 60 minutes of rest (i.e., after completion of the exercise session) (P > 0.05). This 330 difference was statistically significant, whereas the same measurement obtained after the diet was not statistically significant. Similarly, most of the NEFA and HCT repeated measures pairwise comparisons were not significantly different with some exceptions. Specific exceptions before the diet were after-exercise NEFA and HCT measurements as compared with 335 measurements obtained after 30 minutes of rest (i.e., after completion of the exercise session) (P > 0.05). Note the slope of the curve for after diet NEFA during exercise is steeper than the curve for pre-diet exercise and remains relatively constant at a higher peak elevation during rest than the pre-diet rest ( Figure 2 ). The post-diet NEFA curve also peaks earlier and remains 340 elevated more so than the pre-diet curve that peaks late and drops quickly.
Viewing the noradrenaline data, a trend of an upward slope during the exercise phase before the diet was apparent (Figure 3 ). Both before-and after-diet noradrenaline levels declined sharply following exercise.
Noradrenaline levels tended to recover to their pre-exercise levels within 30 345 minutes of rest, following exercise, and remain relatively constant for 60 minutes following exercise (Figure 3) .
A strong correlation was observed between subjects' weight before and after the diet (r = 0.99, P < 0.001). A strong association was also 350 observed between α 2-AR mRNA levels before and after the diet (r = 0.97, P < 0.001).
The central hypothesis for this study was that the average difference between subjects' before-diet α 2-AR and after-diet α 2-AR measurements would be significantly reduced following a 12-week diet. In the current study, NEFA response to exercise was consistent before and after diet.
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It is clear from the existing research that the SNS is highly integrated into the structure and function of adipose tissue 4, 6, 8, 9 . Knowledge of the SNS's effect on lipolysis when activated during exercise has been largely established in lean men 2 . Inhibition of that pathway via changes in α 2-AR responsiveness, and therefore likely α 2-AR availability, has been shown in 395 obese men and women and are alterable by diet in women 1 . However, it cannot be concluded by findings in the current study that a change in α 2-AR after a 12-week diet was related to the diet or that α 2-AR significantly decreased, as anticipated in the second hypothesis. A paired samples t-test for before-and after-diet α 2-AR was performed to test this hypothesis and 400 revealed significance measures that were much greater than 0.05. Changing the alpha for this study would reduce the chance of rejecting the null hypothesis when it is false and making a type II error but would also reduce the chance of detecting a difference in the outcome measures. In addition, the P value for the t-test for α 2-AR was so high that this was not an option.
The diet alone could not be statistically shown to explain the alterations in α 2-AR availability for these subjects. It is possible that upregulation was responsible for the decreased lipolysis seen in this study in men, especially considering that diet did not have a significant effect on β-AR mRNA levels.
Due to technical difficulties with the assays HSL mRNA could not be 410 obtained for these samples.
Diet may indeed affect lipolysis, as evidenced by measurements of NEFA and α 2-AR mRNA in our study. These findings indicate that further study is necessary, allowing more careful control for threats to validity (e.g., The observed small, yet statistically significant increase in noradrenaline levels before and after the diet must be viewed in a holistic context of catecholamine binding ability. Adrenaline is known to bind to α-
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AR at higher concentrations of catecholamines 15 . Both adrenaline and noradrenaline have a higher affinity for β-AR in general 15 . α 2-AR is stimulated at lower levels of catecholamines, and although β-AR is also stimulated, α 2-AR antagonism would be the likely result of slightly increased noradrenaline levels, especially given the ratio of α 2-AR to β-AR in adipose 470 tissue. Indeed, α 2-AR antagonism is believed to be the basis for the lack of ability of obese men to lose weight during exercise 16, 17 .
In the current study, the diet intervention resulted in lower blood glucose levels among obese men. Our findings support current guidelines , which suggest that even a modest weight loss can result in improved glucose control in obese individuals 18 . It should be noted that the observed insulin levels among our study participants were also generally higher after the diet intervention than before the diet intervention, thus lending support for the assertion made in Healthy People 2010 that 480 weight loss can improve insulin resistance 18 .
The results of the current study contribute to the body of knowledge that has potential for the future treatment of obesity, as well as for the discovery of a predictor of the effectiveness of diet on weight loss in obese men.
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Obesity is a common medical condition that results in severe and lifethreatening comorbidities and complications. Research on the physiologic and pathophysiologic mechanisms of obesity is needed to understand the disease and to develop preventive strategies and curative treatments. The 490 metabolic aspects of the multifactorial theory of obesity are of particular importance in the overall theory and were the focus of this study.
The interrelationships among the three main factors of the multifactorial theory-metabolic, genetic, and environmental factorsremain important to understand this extremely complicated disease.
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Conclusions.
In the present study, our findings that, a) α 2-AR mRNA levels measured before and after the diet increased slightly, contrary to expectations, and b) the observed stability of the β-AR mRNA levels, support the notion that 500 upregulation of α 2-AR occurred. Since α 2-AR mRNA levels increased slightly, it is possible that upregulation was responsible for the observed decrease in lipolytic activity, considering that approximately the same amount of β-AR was available for stimulation before and after the diet.
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Implications and Directions for Future Research.
The observed lack of significant change in α2-AR availability in this study was more likely to have been a function of limited statistical power associated with small sample size than by virtue of the intervention itselfi.e., duration of the diet and amount of weight loss. Investigators who wish 510 to conduct experiments of similar design in the future for the purpose of identifying significant changes in α2-AR availability must take into account the possibility of mortality as a threat to internal validity.
Unforeseen technical difficulties in the laboratory that occurred during this investigation limited the total number of observable samples we 515 could obtain. The dropout rate was also somewhat high in our study, and thus our ability to generalize the findings beyond the setting is constrained.
Nonetheless, our counterintuitive observation that antilipolytic activity increased among obese men during exercise following a diet warrants further attention. Further study should be devoted to investigating whether 520 lipolytic activity potential during exercise tends to decrease over time for obese men. Table 3 Mean of Ratios: α2-AR mRNA normalized to Cy mRNA at rest
Mean* SD
Pre-diet at rest 0.016 0.018
Post-diet at rest 0.038 0.073 * Mean indicates (Mean of ratios in Table 2 ) Table 4 β-AR mRNA normalized to Cy mRNA at rest Table 5 Mean of Ratios: β-AR mRNA normalized to Cy mRNA at rest
Pre-diet at rest 0.14 0.041
Post-diet at rest 0.14 0.109 * Mean indicates (Mean of ratios in Table 4) Pre-test Intervention Post-test 600
Figure 1
Statistical Analysis
Graphical representation for choice of statistical tests. 
